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Determining Electrical Properties of Graphite at
High Temperatures.

by

L. F. Mal'tseva and E. N. Marmer

(All Union Scientific-Research Institute of Electrothermal Equipnent)

Graphite is being widely used in electric furnace coLastruetion in the role of

a material for the manufacture of heaters* Determination of temperature dependence

of the specific electrical resistance of t raphite acquires greater importance for

structural organizations p as well as for enterprises#Issing electric furnaces with

graphite heaters*

The data about the temperature dependence of specific electrical resistance

of graphite, are very scant. And so, the Moscow Electrode Plant in prospects of its

production speaks only about electrical resistance of graphite at room temperature

whereby this value varies in broad intervals* For example, for graphite type *Be it

constitutes 14-20 oblssema 2 /a.

The purpose of this investigation - to determine the rulues of specific eloe..

trical resistance in dependence upon temperature (20-25000) for industrial graphite.,

manufactured by the Moscow Electrode Plant.

Testing installation, Determination of temperature dependence of specific

electric resistance of graphite was done on an installation, consisting of an ele-_

tric furnace 9 vacuum system and electric part, A cross Fection of the working chamber

is shown in figle

The installation consists of a water-colled body 1, upper 2 and lower 25 lids, also

FTD.Tr-62-1TO78/3.+ ,
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having water cooling+ the central pert of upper lid is situated a peeping windov 5,

throu•h which it in possible to observe the sample 6 and to measure its temperature

with a pyrametere To protect the glass against overheating are set up screens 40

which are showed aside at the time of meaauring*

In the lower furnace lids are placed bobbins (lugs) 2423 for the insertion of

thermocouple 26 and potential tips 22, with which is measure,! the voltage drop on

the sample* To supply current to the sample two copper water-cooled current conductors

are used 149 situated on one axis one facing the others A vacuum of the magnitu~e

of 10-3 - lW4 mm He is produced in the furnace by the forevacuum pump RVN-20 and

diffusion pump TSVL-100l oupled with the installation by fastening device LV-85U.

Pressure in the system was measured with the aid of thermoeouple tubes of LT-2

type and ionization tubes type U4-2. A VITl- type instrument served as vacuueter.

Graphi e samples were placed and secured in the vacuum chamber with upper lid

removed by a special contrivance. In figeljfs evident, how sample 6 200 mn long and

10 mn in diameter is securede

With the aid of strip 9 and bolts 8, made of Lgaphite, the samples are attached

to a massive graphite plate 10e To this plate is also attached a copper plate lljto

which in turn is attached a strip of copper foil 17, connected with the current con-

ductor. Graphite plates 10 were supported by stands 19 made of graphite, insulated

fron tho body of the furnace by a ceramic plate 20. In order that the copper plates

and the foil should not melt fron direct irradiation (boembrdment) of the sample

they were screened with molybdenun sheet 3 with a thickness of 0.2 ma.

In the zone of uniform temperature of the sample (it was determined by special

experiments) were fastened potential clamps 7 for measuring voltage drop. The clamps

represented shaped eraphite strips, which with the aid of bolts and nuts made of

graphite were pressed/ the sample and to it were connected the potential ends

made of tungsten wire 22e

FrD..r-62.1708/k2 2
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Fig.leInstallation for determininig electric resistanc, of graphite at high
temperature.

L*BODY OF FURNAaSs 2*Uzrk:- LID' 3-L.AO1ybdentim shield; 4-shields for protecting the
glass; 5-peeping window; 6-sample; 7- potential clamps (terminals); 8-g-raphite
bolt; 9-strip; 10-graphite plate; 11-copper plate; 12-upper graphite shield;
13-reloaseable bolts; 14-current conductoiru; 15-graphite shield; 16-steel ring;
17-copper foil; 18-steel bolt; 19wgraphite st~ans 20-ceramic plato; 21-lug for
introduction of potential ends; 22-potential end; 23-lug for introducing thermo...
couple; 24-lowfer graphite shield; 25m-lower lid; 26-thermocouplee

To reduce body and lid hoating and to improve the conditions of measurin tem-

perature in the interior of the Yacw=i chamber were mo nted graphite shields. The

electric resistance of graphite samples was measured by the auu2eter-vul1neer method,

As is evident from fig.2o through the tested sample 4 was passed an electric cuzr,

rent, which was measured with the aid of UTT-6 transformer and A3 ammeter. The volt-

aoe drop on the sample 4 was measured with the aid of V3voltmeter* To regulate the

voltage on the high side or the power transformer 3 was used a single phase auto-

transformer 2 type AOCK-25/0.5. enabling a smooth change in voltage in the range of

frcm 0.20 YO The power step down transformer 3 tYoe OCT 40/0.5 offered the possibility

of obtaining on the low side a Toltige fran 0 to 20 v at an amperage of 1400 amp.

7TD.TT-62-1708/1+2 3



GRAPHIC NOT REPRODUCIBLE

The relative error of the experiment ,detor.

"" uminable by the type of selected scheme, class

of accuracy of measuring instruments , class

2 -of accuracy of current transformers, has

"not exceeded 4%* Datermination of the depen-

dance of specific electric resistance of

-_... samples upon temperature q was done in a

"�. .range of from 20,500.,

• w-.• -w. To measure a temperature up to 10000 was

... .used a chromel-alumel thermoccuple. From

1000 to 25000 the temperature was measurel

with an optical micropyrometer of OP4-019
Fig.2,Electric circuit diagram of instalp.
lation (designations see text) type with separate indicating instrument

- milliammeter (class of accuracy of 0.2%). The relative error of measuring tempera.

ture by this instrument with consideration of the accuracy class of the miUliammetor,

absorption of parts of the rays by the peephole glass and correction for true temzper-

ature has not exeeded 2%,

The scale of dependence graphs of electric resistance of graphite upon the

temperature was calculated according to the report[2) on the basis of analyzing

experimentation errors*

DeteraiLning electric resistance. To conduct tests for the purpose of determining

tho dependence of specific electric resistance upon temperature were selected the

most widely known types of grephite, manufactured by the Moscow Electrode Plant

types A# B, C, and D.

Samples of type A graphite were cut out from billets in parallel ani perpen-

dicular directions relative to the axis of pressing. To remove the gas the sample

was first heated to a temperature of 1800-20000o

FTE6TT-62-1708/l+2 4



The time of exposure, necessary to equate the temperature on the working part

of the sample , usually did not exceed 10 misn The temperature was measured through

100-1500o At each temperature value were measured several values of voltage and am-

perage, whereby one of these was measured at he and of the e&osure periods

Specific electric resistance was calculated by formula a
S

where R T .- and -I * 41 - value, constant for each samplogdetermined at the be.

Xl:ig of the experiment by the geometrical dimensions of the sample and the distance

between the terminls.

The sequence of making the tests 9 exposure time and temperature ranges, in

which the measurements were done, for samples of all types were selected aipproximate•y

indentical. By the test results ,'or each type of graphite were plotted dependence

curves of specific electric resistance upon the mean temperature of the sample*

15 -1--1

7

Fig.3*Dependence of ipecifi9 electric resistance of type A0B9V graphite upon
the temperature in vacuo 10-3 - 10-4 mrn 4•gs + - type A graphite with parallel arrante-

ment of grains relative to the axis of deformation (mean value from 9 samples);
V - type A graphite with perpendicular arrangement of grains relative to the axis of
deformation (mean value from 6 samples); O - B type graphite (mean value from 13 samp-
les); A - Type C graphite (mean value from 8 samples).

Mean temperature was calculated by formla a

tmea aP

where tp- surface temperature of the sample in OC, tts - temperature of the center
0e.12. Vspoe~e

in eC, and tt, • tp + r , where rapes - specific load per sample in watts

FTD-?1'-62-.7081/. .5
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per square centileter, r - radius of sa 1 in a= * - coefficient of heat conduction

of grapite at corresponding temperature (since for the type A graphite the coeffi-

cient of heat conduction at a temperature of 2503° equals 0.084 oal/cmidegreesosea Cj

A-J. 0". xml

r r

7 7-~/~.

/v 7 -23J rtIM 150 T

Fig.-4De0pendence of specific electric Fig&5. Dependence of specific electric
resistance of A type graphite with paral- resistance of type A graphite with perpen-

lel arrangement of grains relative to dicular arrangement of grains relative to
the axis of deformatfon upon temperature the axis of eformation upon the temperature
in vacue 10-3 - 10-4 =r Hgj in vacua 1"O - lOw4 m g;
1-mean value from 9 samples; 2-moxilnm l-m~an values from 6 samples; 2-maximmi

values; 3-minhialm vuluese values; 3-minimum values;

In fig.3 are shown temperature dependence curves of electric resistance for A,B

and C type graphites from 20 to 2500°.As is evident from graph fig.3, with a rise in

temperature the electric resistance of graphite of all types decreases at first by

approximately 30%, reaching its mini-1m value for A and B type graphites at a temper-.

ature of 400 - 600" and for C type at a temperature of 800-900o, and above a temper-

ature of 10000 it rises linearl 
-.

p.. OV: M :NJ'J- r.-rnN

. ,,33. /

7' -7-o :5&" 20) '

Of I a' 000 T,7 ""

Fig.6.Dependence o-f specific" electric Fig.7. Dependence of specific electric re-

resistance of B type graphitp upon tern sistance of type graphite upon temperature
perature in vacuo l0-5 - 1"4 =mm Hg. in vacua 10 - 10" ma Hg;
1-mean value from 13 samples; 2-mexir=um 1-mean value from 8 samples; 2-maximum values
value; 3-minimum valuese 1 3-minimum values*

Consequently in the range of temperatures of 1000-25000 when calculating specific

electri: rcnistance it is possible to use formulas

FTD-TT-62-1708/I+2 6



•t *1000 ,o÷ (t - 1000)0

wheae7 1 0 0 0 - specific electric resistance at a temperature of 1000.o

In fig.4 are given temperature dependence curves of specific electric resistance

of A type graphite (mean volumetric weight of samples 1.73 g/c 3 , porosity 21.7%) for

samples, cut out in direction•Pardllel to the axis of pressing,

It is evident from this graph, that in the temperature range of 1000 - 25000 the

specific electric resistance rises, changing its r~lue from• 1 0 0 0 s 6,3 ohms . mm2/*

to' 2500 = 9.35 ohms.zmn2 /m, i.e. it rises approximately by 45%. Deviation of specific

electric resistance vlues from the mean value in the investigated range of tempera-

tures, constitutes - 15%.
P,• In fig-5 is shown the temperature dependence

7 - of specific electric .resistance of A type

• /,Sol r, 0graphite for species +ut out in direction

Fig.SoDependence of specific electric
resistance of D type graphitp upon t m- perpendiculer to the axis of pressing (mean

perature in vacuo 10". - 10-4 nMM H•
1-mean values from 2 samples; 2-maximum volumietric weight of species 1,78 g/cm3,
values; 3-minimnm values.

porosity 19,4Z), It is evident from the graph

thut slecific electrig resistance upon temperature of 10000 to 2.000 rises approxi-

mmtely by 40%. Deviation of absolute values of specific electric resistance upon mean

value ± 159.

For B type gr3phite (porosity 24%, mean volumetric weight of samples lL7 g/cm 3 )

specific electric resistarne from temperature of from 10000 to 25000 rises by

approxiniately 40% (fig.6), Deviation of absolute vulueafrom mean values ± 1.5%.

In fig.? is given the dependence of specific olectruc resistance of C type

graphite upon temperature (meon volumetric weight of samples 1,46 g/cza3  rorosity 33,96).

The specific electric resistance rises with temperature, it changes its mean value

f q1 0 0 0  12.9 ohmsrmm2/m to k. 0 0  16.5 ohmsan2u/m, i.c.it rises by a~proximatel

359. Deviatica of values from mean value ± 20%.

In fiS.8 is shown the temperature dependence of specific electric resistance

FTD-TTO62-1708/1+2 7



of D type graphite (mean volumetrtc weight of samples 1 ,43 g/e.. 3.5,5%). This type

of graphite has a slight mechanical strength, and that is why the temperature depen

dence of specific electric resistance is presented at 17000. Deviation of values from

mean value 7%.

Conclusions

1. The greater divagreement in values of specific electric resistance in dependence

upon temperature can be exjlained by the unstable technolo y of preparing the graphite

and considerable heterogeneity of its structure.

2. Electro resistance of graphite of ell types upon a rise in temperature fron

20e drops at first by approximately 30%, reaching a mininm for types A, B and D in

the temperature range of 400-6000, for type C - 800-900°.Above 10000 electric resistance

rises linearly.

In the range of temperatures of 1000-25000 when calculftting specific electric re-

sistanoe it is possible to apply foruaLla

For objects cut out in direction, parallel to axis of pressing, this forimla has

the form of i

a) for A type graphite: qt = (6.4 .9) + 0.002 (t-l000)1

b) for B type craphite: qt a (9,2 ± 1.4) 4 0.002 (t-1000)8

c) for C type graphite: qt = (12.9 - 2.6) 0.0024 (t-1000);

d) for D type graphite in temperature range 1000-17000

qt - (7.6 ± 0.7) + 0.0009 (t - 1000).

Absolute values of specific electric resistance for objects cut out in perpendi

cular direction to the pressing axis, is approximately by 20% higher*.

3- Value3 of specific electric resistance of all types of graphite at a temperature

of 20 and 15000 are approximately ideatical,

FTD-?-'r2-1708/1+2 8
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